ABSTRACT Chickens infected with Marek's disease virus (MDV) carry the virus consistently for a long time, which increases the incidence and rate of virusinduced multi-organ tumors and increases its potential for horizontal transmission. There is a positive correlation between very virulent (vv) MDV quantity and the pathology. The purpose of this study was to determine the vvMDV loads dynamics in different phases, and the correlation between the viral quantity and tumor development. We used a SYBR Green duplex real-time quantitative PCR (q-PCR) assay to detect and quantify MDV loads and distributions in different tissues, targeting the Eco-Q protein gene (meq) of the virus and the house-keeping ovotransferrin (ovo) gene of chickens. The q-PCR was performed using different tissue DNA preparations derived from chickens which were infected with 1,000 pfu of the SDWJ1302 strain and tissue samples were collected from control and MDVinfected birds on 7, 10, 15, 21, 28, 40, 60, and 90 d post-infection (DPI). The data indicated that the MDV genome was almost quantifiable in immune organs of infected chickens as early as 7 DPI, and the number of MDV genome copies in the blood and different organs peaked by 28 DPI, but then gradually decreased by 40 DPI. The levels of viral quantity in the lymphocytes, liver, and spleen were all higher than those in other organs, and that in the feather follicles was the highest among different phases of MDV infection. The vvMDV could still be detected in peripheral blood and tissues by 90 DPI, and the vast existence of virus will stimulate tissue destruction. The data provided further evidence of viral infection involving multi-organ distribution and mainly involving immune organ proliferation, resulting in immunosuppression.
INTRODUCTION
Marek's disease virus (MDV: family, Herpesviridae; subfamily, α-Herpesvirinae; genus, Mardivirus; species, Gallid herpesvirus 2) is the causative agent of Marek's disease (MD) (Solomon et al., 1968) , which is characterized by the development of T-cell lymphoma and lymphocytic infiltration of peripheral nerves, skin, skeletal muscle, and visceral organs (Biggs et al., 1965; Lampert et al., 1977; Witter, 1997) . Infection with Serotype 1 MDV and subsequent development of MD is frequently associated with tumor development and immunosuppression, which is considered to be an integral aspect of MD pathogenesis that ultimately leads to C 2015 Poultry Science Association Inc. Received October 22, 2014. Accepted January 1, 2015. 1 The study was funded by grants from the National Natural Science Foundation of China (31072149) and Guangdong Joint Funds from the National Natural Science Foundation of China (U1131005).
2 Zhenjie Zhang and Shaoqiong Liu contributed equally to this study. 3 Corresponding author: zzcui@sdau.edu.cn the death of many chickens (Rivas and Fabricant, 1988; Schat, 1987; Nair and Kung, 2004) . MDV can cause tumors in the immune organs of diseased chickens. Virus persistence is generally associated with activation of lymphocytes, which are targeted by the virus. After activated CD4 + lymphocytes are transformed by virus, gross lymphomas and cellassociated immunosuppression appear simultaneously (Burgess and Davison, 2002) . Although the pathogenesis of MD is complex and not fully understood, the incidence of MD tumors development is positively correlated with the viral quantity in peripheral blood (Gimeno et al., 2005) . After initial replication in the lungs, the virus proceeds to replicate in the lymphoid organs (Nair, 2005) , with evidence that the levels of virus in the lymphoid organs are much higher than those in other organs (Abdul-Careem et al., 2006) .
There are many methods for the detection of MDV in cell culture or blood sample (Churchill and Biggs, 1967; Kruse and Patterson, 1973) . As a conventional culture method, plaque assay has traditionally been considered the "gold standard" for the isolation and identification of MDV (Sun et al., 2009 ). However, culture methods are labor-intensive and time-consuming, since it usually takes 6 to 9 d for the formation of viral plaques. Although the MDV are easily isolated from the blood or follicle epithelium by plaque assay, this method is hard to be used in quantification of viral quantity and distribution in other tissues. Real-time PCR assay has proven to be one of the most effective tools in rapid and differential detection of a variety of viral pathogens (Zheng et al., 2013; Pérez et al., 2011) . Compared to TaqManbased real-time PCR, the SYBR Green-based real-time PCR assay does not require probes and, therefore, is economical and easily adoptable from the conventional PCR system (Amer and Almajhdi, 2011; Dash et al., 2012; Yang et al., 2013) . There are possibilities of falsenegative results in hydro-prob due to the mutation rate in probe-binding site of virus genome, which would hinder the annealing of probe and the subsequent signal detection. Further, the SYBR Green-based real-time PCR assay detects the target PCR product accumulation independent of the sequence, as such it allows to quantify viral genome with minor variations in the sequence (Papin et al., 2004) .
The diagnostic value of detecting MDV genome in the bird organs or dust during the early latent infected phase has been shown previously (Baigent et al., 2011; Davidson et al., 2013; Walkden-Brown et al., 2013; Islam et al., 2013) . But the relationship between the latent and transformed phases entered the period of morbidity, and the distinction between them in terms of MDV genome status and quantity, is not fully understood, so to determine the correlation between very virulent (vvMDV) loads and tumor development is essential. The present study was aimed at observing dynamic changes in vvMDV genome quantity in different tissues over time following experimental infection with wild-type MDV and defining the correlation between the viral quantity and tumor development by a duplex SYBR Green I-based quantitative-PCR (q-PCR) assay for the simultaneous detection the Eco-Q protein gene meq of the MDV genome and the ovotransferrin ovo gene to compare the sensitivity of it to that of the conventional viremia assay.
MATERIALS AND METHODS

Viruses and Experimental Animals
Serotype 1 virus SDWJ1302 is a field vvMDV strain isolated in a black-bone silky from a fowl layer farm in Shandong Province of China, which causes malignant tumors to form in many different organs, primarily in the feather follicle, liver, and spleen. For laboratory experiments, specific pathogen-free eggs from normalsized White Leghorn chickens were obtained from the Poultry Institute, Shandong Academy of Agricultural Sciences (Taian, China), hatched at the Animal Disease Prevention Technology and Research Center of Shandong Province (Taian, China).
MDV Experimental Infection, Sample Collection, and DNA Extraction
A total of 54 specific pathogen-free chickens were divided randomly into 9 groups (6 chickens /group), each group was maintained in a separated negative-pressure isolator. Groups 1 to 8 were all inoculated intraperitoneally with MDV-SDWJ1302, 1,000 pfu/chicken, on d 5 post-hatch. Birds in Group 9 served as uninoculated control chickens. The tissue samples including heart, liver, spleen, lung, kidney, thymus, and feather follicle were collected from control and MDV-infected chickens on 7, 10, 15, 21, 28, 40, . Genomic DNA was extracted from the tissues samples according to a method described by Sambrook and Russell (2001) with modifications. Briefly, the samples were chopped, mixed with 500 μL cell lysis buffer [10 mM Tris, pH 7.5, 10 mM NaCl, 1mM EDTA, pH 8 with 0.5% (w/v) Sarkosyl] with 100 μL proteinase K (10 mg/mL in distilled water) and incubated in a water bath at 65
• C overnight. DNA was precipitated with 25 μL 5M NaCl and 2.3 mL 95% ethanol. DNA concentration was estimated by spectrophotometry at 260 nm. DNA concentration was adjusted to 50 ng/μL for all samples.
Primer Design and Synthesis
For SYBR Green assay, the MDV meq gene and the ovo gene (Baigent et al., 2005) were selected as the targets since meq gene is the putative oncogene of MDV-1 and it is absent in MDV-2 or MDV-3 (Nair and Kung, 2004) . The following MDV strains were analyzed and aligned for primers design according to the conservative regions of MDV using Primer Premier software (Premier Biosoft International, Palo Alto, CA): GenBank Accession Nos. HQ658627, HM749325, AF493558, HQ638157, HM991861, HQ190957, and EU427304. The primers of meq gene were named as P1: 5 -CCCAACAGCCCCTCCAAACAC-3 (Position 118 to 138) and P2: 5 -CTTCATGGAGTTTGTCTACA-3 (Position 243 to 262). The primers of ovo gene were named as P3: 5 -CACTGCCACTGGGCTCTGT-3 (Position 4,517 to 4,535) and P4: 5 -CACACACAAAAACCCAGCCT-3 (Position 4,653 to 4,672) (Jeltsch et al., 1987) . The primers were synthesized and purified by Sangon (Sangon Biotech, Shanghai, China).
Preparation of Constructs as Standards
Bacterial artificial chromosome (BAC)-GX0101 (Sun et al., 2009 ) and pMD18T-ovo were used as standards for calibration of MDV and host genome copy number by detection of the meq and ovo genes, respectively. The BAC-GX0101 construct is a stable infectious bacterial artificial chromosome clone of the whole genome of a recombinant MDV field strains GX0101 from chickens showing tumors (Zhang and Cui, 2005) . The pMD18T-ovo construct was prepared by cloning a 156-bp region of the chicken ovo gene (4,517 to 4,672) into the pMD18-T Easy vector (Takara, Dalian, China) according to the manufacturers' instructions. To calculate meq and ovo copy numbers in the plasmids preparation, both BAC-GX0101 and pMD18T-ovo DNA concentration were measured by a spectrophotometer at A260 in 6 replicates of the plasmid DNA sample, followed by taking the average of optical density readings for all replicates. Then the 2 constructs were mixed together in water giving a stock preparation containing 10 8 molecules (copies) BAC-GX0101 and 10 8 copies pMD18T-ovo in 1 μL. Serial dilutions ranging from 10 8 to 10 1 copies/μL were used as standard controls. To generate standard curves, the cycle threshold (C T ) values in every dilution were measured 3× and then plotted against the logarithm of the corresponding template copy numbers. Each standard curve was generated by linear regression of the plotted points.
Real-time q-PCR
SYBR Green q-PCR amplification performed in a 7500 Real-Time PCR Detection System (Applied Biosystems, 7500 Real-time PCR System, Foster, CA, USA) which was used to amplify and detect the reaction products, under the following conditions: preincubation and denaturation at 95
• C for 5 min followed by 40 cycles of 94
• C for 15 s and 60
• C for 1 min. At the end of the amplification cycles, melting temperature analysis was performed by a slow increase in temperature (0.4
• C/s) up to 95 • C to verify the authenticity of the PCR products by their specific melting temperatures (T m ).
Sensitivity, Specificity, and Reproducibility Tests
The plasmid BAC-GX0101 was diluted serially 10-fold spanning from 10 8 to 10 1 copies/μL, and the 10-fold diluted plasmids were assayed by the q-PCR and conventional PCR to compare their sensitivities. To evaluate the reproducibility of the q-PCR, intra-and interassay tests were carried out in triplicates by testing 3 positive clinical DNA samples extracted from the liver of MDV-infected chickens within the same run and independently in 3 different runs on different d. To evaluate the specificity of the q-PCR for MDV detection, DNA samples from other avian viruses such as ALV-A/B, ALV-J, and REV were also tested with BAC-GX0101 DNA template as positive control and water as negative control.
Comparative Sensitivity of SYBR Green q-PCR with Conventional Viremia
To compare the sensitivity between viremia assay and q-PCR for monitoring MDV genome quantity in peripheral blood lymphocytes (PBL) during the course of MDV infection, the blood samples were collected on 7, 10, 15, 21, 28, 40, 60 and 90 DPI, and tested by conventional viremia and q-PCR assay. The viremia assay was performed using methods as described previously (Sun et al., 2010) . Briefly, 1 mL blood in anticoagulants from each chicken was mixed with 9 mL Dulbecco's Modified Eagle Medium, and the suspensions were centrifuged at 500 × g for 5 min to separate white blood cells from red blood cells. By such centrifugation, almost all white blood cells were saved in the supernatants. Genomic DNA, extracted from half of the supernatants containing the leukocytes from each chicken, was analyzed by q-PCR to quantify the copy number of MDV DNA in blood. The other half of the supernatants were used to inoculate 2 duplicate 35-mm plates with Chicken Embryo Fibroblast (CEF) monolayers (1 × 10 7 cells each plate) for detection and quantitation of MDV virus. Viral plaques detected in indirect fluorescent antibody (IFA) test with monoclonal antibody H19 were counted 6 d post-infection. IFA was performed as previously described (Lee et al., 1983) with modifications. Briefly, infected cells were washed with PBS and fixed with ethanol/acetone solution (4:6) at room temperature for 10 min. After removing the fixing solution, the cells were air dried and incubated with monoclonal antibody H19 (1:1,000) for 1 h at 37
• C. Following 3 washes with PBS, the cells were incubated with goat anti-mouse fluorescein isothiocyanate-labeled secondary antibodies (Sigma, St. Louis, MO) for 1 h. Cells were further washed 3 times with PBS and examined under a fluorescence microscope. The MDVspecific plaques were counted in each 35-mm plates and the viremia titers were expressed as pfu/mL blood.
Quantification of MDV DNA Quantity in Test Samples
The tissues samples collected from SDWJ1302-infected-chickens were evaluated concurrently with the optimized q-PCR assays. Each q-PCR reaction included 100 ng tissue DNA preparations. However, when the concentration of the MDV DNA preparations were low, the corresponding meq amplification melting peaks were broad and could not be differentiated from specific product. In this situation, the templates were diluted 10-fold for better separation of the melting peaks. Tissue DNA samples were first screened by conventional PCR, then the viral DNA and host genome copy numbers in samples were further analyzed by detection of the meq and ovo gene, respectively. In addition to MDV positive samples, tissue DNA from 2 uninfected control 
Data Analysis
The reproducibility of the q-PCR assay standard curves was measured by calculating the coefficient of variation (the ratio between the SD and the mean, for multiple measurements). The intra-and inter-assay variability is assessed by the CV represent the SD/mean expressed as x%. According to previous data, a CV of a C T of 3 or 10% for intra-and inter-assay reproducibility, respectively, is acceptable (Moens et al., 2009 ). The calculated copy numbers were considered half the copies since there is a duplication of meq gene in the MDV genome (Kaiser et al., 2003; Baigent et al., 2005) and were expressed per million cells of tissues. All the data were analyzed with SAS software (SAS version 8e; SAS Institute, Cary, NC). A one-way ANOVA model was used to evaluate the means among various groups. The data were shown as the mean ± SD; P < 0.05 was regarded as statistically significant.
RESULTS
Standard Curves for the q-PCR
To generate standard curves for the detection of meq and ovo genes, the BAC-GX0101 and pMD18T-ovo plasmids were diluted serially from 10 8 to 10 1 copies/μL alone or together. The C T values were then plotted against the known copy number of the standard controls. The values of melting temperature (T m ), due to different length and composition of the 2 amplicons, specifically disclosed the presence of MDV and cell's genome DNA in the samples. The ovo and meq T m were determined at 82.2 and 86.5
• C, respectively. A high correlation between copy number and C T values was observed for both meq and ovo assay. The presence of the BAC-GX0101 template had no significant effect on amplification of the pMD18T-ovo template and vice versa. The correlation coefficient of both meq assay (R 2 = 0.995) and ovo assay (R 2 = 0.996) were above 0.990 (Figure 1) , which was determined acceptable according to the LightCycler 480's instructions.
Sensitivity and Specificity of the q-PCR
The sensitivity of the SYBR Green-based real-time q-PCR and conventional PCR assays were measured using serially diluted BAC-GX0101. The dynamic range of BAC-GX0101 consisted of 10-or 2-fold dilutions from 1.28 × 10 6 to 1,280 copies. All dilutions were tested in triplicate. The detection limit, defined as the lowest dilution in the 2-fold series that produced reliable amplification, was 10 DNA copies for the q-PCR, while it was 160 copies for the conventional PCR (Figure 2 ). These results indicated that the q-PCR can be 16 times more sensitive than the conventional PCR. The specificity of q-PCR was tested with the standard MDV DNA sample and non-MDV viruses (ALV-A/B; ALV-J, NX0101 strain and REV, HA9901 strain). The meq gene Primer Pairs P1 and P2 amplified only a specific product. None of the non-MDV viruses resulted in a detectable fluorescent signal, confirming that the specificity of the q-PCR assay for MDV detection.
Reproducibility of the q-PCR
The variation of C T values for input copy number was determined for both intra-and inter-assays. The mean intra-assay CVs were below 1% and inter-assay CVs were below 2% for both meq assay (intra-assay CV was 0.39 to 0.74%, while inter-assay CV was 0.96 to 1.38%) Figure 2 . Specificities of SYBR Green and Conventional PCR assays for detection of meq gene. BAC-GX0101 DNA was serially 10-fold diluted from 1.28 × 10 6 to 1,280 copies and then serially 2-fold diluted from 1,280 to 5 copies. The PCR products were then separated on a 0.8% agarose gel and stained with ethidium bromide. Each dilution was assayed in triplicate. For the SD of C T value, the CVs were all below 2%. Table 2 . Comparison of sensitivity between viremia assay and q-PCR for monitoring MDV genome load in blood (mean ± SD, n = 6). Different letters indicate that the differences were significant between two methods on same DPI (P < 0.05). MDV genome load reaches to the peak was at 28 DPI, which has the significant difference among the other DPI (P < 0.05).
and ovo assay (intraassay CV was 0.52 to 0.86%, while inter-assay CV was 0.46 to 1.32%) ( Table 1) .
Comparative Sensitivity of SYBR Green q-PCR with Conventional Viremia
To determine the sensitivity of the the viremia assay (Figure 3 ) and real-time PCR, we quantitatively evaluated MDV load in peripheral blood lymphocytes samples taken from each group on 7, 10, 15, 21, 28, 40, 60, and 90 DPI. As indicated in Table 2 , the MDV genome DNA (1032.4 ± 359.5 copies/10 4 PBL) could be detected as early as 7 DPI, but the value of MDV plaque was below 100 detected by the viremia assay. There were 1,236.1 ± 389.5 copies of the MDV genome, and 353.5 ± 232.9 pfu of viruses per 1.0 × 10 4 PBL on 10 DPI. The copies of the MDV genome topped 10,873.8 ± 2658.2 and the plaque number topped 4,065.0 ± 673.6 per 1.0 × 10 4 PBL on 28 DPI. Those numbers were decreased by 40 DPI to 3,859.6 ± 953.5 copies and 1,128.3 ± 507.2 pfu per 1.0 × 10 4 PBL, then the quantity of virus were kept stable from 40 DPI.
Quantitation of the MDV Genome in Chicken Feather Tips and Tissues
DNA samples from chicken tissues, feather tips, and lymphocytes were subjected to meq/ovo q-PCR. Using standard curves produced during the same study run, MDV genome copy number per 1.0 × 10 6 host cells in different tissues was calculated. The ovo q-PCR assay C T value equivalent to 10 4 cells was 25.1, and the limit of detection for the meq gene was 10 copies (Figure 2) . MDV genome was absent (or below the threshold of detection) in samples from an MDV-free chicken (the ovo reaction data showed that the DNA was present in sufficient quantity and quality for the PCR).
As shown in Table 3 , the copy number of virus DNA gradually increased from d 7 and hit the peck on the d 28, the quantity of virus in feather follicle was the highest which was up to 1.65 × 10 9 copies/10 6 cells. At 28 DPI, the level of MDV genome quantity was highest in immune organ, like liver (3.91 × 10 7 copies/10 6 cells), spleen (2.26 × 10 7 copies/10 6 cells), and thymus (8.34 × 10 7 copies/10 6 cells). In heart, lungs, and kidney there were, respectively, 3.88 × 10 5 , 4.81 × 10 5 , and 1.89 × 10 6 copies of the MDV genome per million cells. As expected, the MDV genome was not detected Table 3 . Quantitation of the MDV genome in chicken different tissues (mean ± SD, n = 6). in the MDV-free chickens. The various strains of MDV have different organ distributions; they frequently develop visceral lymphomas in multiple organs such as the liver, lungs, kidneys, and gonads resulting in high mortality. During the early phase of infection, virus could be detected in thymus and spleen; however, the quantity of virus is so little that it could hardly be detected in the lung or kidney. Along with the incubation period, virus maintained relatively stable and low levels in the tumor tissue; nevertheless the quantity in tumor occurred heart or liver was nearly 10 to 100 times higher than that in latent infection tissue.
DISCUSSION
Real-time PCR provides an effective method for the detection of MDV, with its features of efficiency, high sensitivity, and high specificity, and especially its ability to detect viral quantity exactly. In this study, adopting the meq and ovo genes to perform the paralleled tube amplification, the meq gene is present in the MDV genome as a double copy in both the IRL and TRL repeat regions of the MDV genome, and the housekeeping gene ovo also have double the copy number in each cell's genome (Baigent et al., 2005) , which could thus be used to normalize each sample for the number of copies of viral DNA per 2 × 10 6 ovo copies (10 6 cells).
Viral quantity directly reflects the status of viral replication and disease evolution; thus, they have been used as pivotal markers for both the diagnosis and disease progression of viral infections. However, the exact evaluation of virulent MDV infection from early phases to later clinical symptoms has only rarely been reported, even the virus quantity in the tumor tissues induced by oncogenic MDV. Abdul-Careem et al. (2006) determined the virus quantity in the unit mass of feather follicles by SYBR Green q-PCR assay, roughly calculating the variation in viral quantity in feather follicles at diverse infection phases and in early phases without internal controls. Baigent et al. (2005) summarized the regularities of distribution of MDV infection in the early phase using Taq-Man q-PCR assay, but the dynamic distribution of the virus in infected chickens from incubation to the period of disease remains unknown. Gimeno et al. (2005) determined the new standard of diagnosis for MDV-induced lymphomas by detecting the MDV quantity in the spleens of a vaccinated group or a vaccinated and challenged group using real-time PCR. The viral quantity in peripheral blood of vaccinated group was 10 1.1 copies/10 6 cells, and the quantity in the vaccinated and challenged group was 10 1.2 copies/10 6 cells, while the tumors induced by MDV had approximately 10 2 -fold more copies (10 3.2 to 10 4.3 copies/10 6 cells) MDV DNA than either tissues latently infected with MDV or tumors induced by retroviruses in MDV-vaccinated chickens. Our study using real-time PCR assay has confirmed that the viral quantity in diverse tissues were the highest on d 28 during the early incubation, and vvMDV is constantly present in spleen and liver for a long time when vvMDV DNA could be detected on 90 DPI. The vvMDV copy numbers varied considerably in different tissues, which ranged from 10 5 to 10 9 copies/10 6 cells. During peak of viral quantity, and the viral DNA quantity were higher in lymph organs than that in nonlymphoid organs.
Spleen, liver, kidney, and feather tips were considered particularly valuable for measurement of virus levels since these tissues are relevant to pathogenesis of MD and transmission of MDV. Kornegay et al. (1983) found that transient paralysis, an uncommon condition in flocks caused by MDV, this is an encephalitic expression of infection characterized by sudden onset of paralytic symptoms that often only last for approximately 24 to 48 h after 8 d of infection, the symptoms will be disappear after 24 to 48 h and stop recurring. When entering the period of disease (40 to 60 d), the virus quantity rose evidently in different tissues, with the quantity in liver nearly 10 3 times higher than during the primary cytolytic phase, and the virus copy number was as high as 10 4.5 to 10 6.0 copies/10 6 cells. During this phase the virus was greatly increased in the immune organs, resulting in the serious organization destruction, and conversion of leukomonocytes to tumour cells. Whether this high virus quantity in tissues is reflects more rapid replication in immune organs than in nonimmune organs or whether it is a feature of transformed cells could not be established from the limited number of samples used in these test assays, but this issue could be investigated in a larger study using this q-PCR method. In addition, many researchers have assumed that the virus quantity in feather follicles reflect the quantity of mature MDV released into the environment. While the experimental evidence supporting this assumption is comparatively scarce (RanggaTabbu and Cho, 1982) , the method of q-PCR definitely provided a reference point for such a view.
Virus DNA could be detected as early as 7 DPI, after we inoculated the virus into the immune organs, and the quantity was as high as 1.03 × 10 3 per 10 4 PBL. The virus is relatively similar to nonpathogenic MDV-2 in its cytolytic infection period, especially with the liver, spleen, and thymus as target organs; however, cytolytic infection rarely occurs in chickens infected with herpes virus of turkeys (HVT). The natural route of entry of Marek's disease virus (MDV-1) could infect the lung via the respiratory system, but we have not detect virus DNA in the lung from chickens after 15 d post-infection following intra-abdominal route, which was quite possibly demonstrated virus load in different organs related to the route of infection. Baigent et al. (2005) verified that the viral quantity could reach 2.14 × 10 8 copies/10 6 cells in feather tips at 14 d after infection with CVI988. While the wild strain could reach the highest levels after 21 to 28 d, the virus copy number was far greater than that of vaccine strain CVI988, which could achieve 1.65 × 10 9 copies, and the quantity of the wild strain were obviously higher at the same time. The replication of the virus ceased after entering the incubation period, and the quantity fleetly decreased and retained low levels for a long time, which were 10 to 100 times lower than the highest level. At this time, virus DNA could barely be detected in the nonlymphoid organs, such as the lung and kidney. After the virus entered the transition period (60 to 90 d), clinical MD symptoms would occur, such as tumor invasion of peripheral nerve and internal organs. In practice, however, tumors can be seen as early as 21 DPI and changes in host gene expression can be observed in 2 to 3 DPI. At this time, the integration of the MDV genome could alter the expression of host cell genes, and we detected the MDV DNA in lung tumors and found that it was slightly higher than that in the MDV-infected liver (not shown), which would prove that integration of the genome DNA could release free virion.
Virus quantity has long been a defining characteristic of MD infections, and past studies have correlated viremia to tumor development (Witter et al., 1971) . Gimeno et al. (2008) evaluated the quantity of MDV in peripheral blood at 3 wk with a subsequent development of MD tumors and found chickens that developed tumors had significantly higher MDV quantity in peripheral blood compared with chickens that did not develop tumors. In a similar study using q-PCR, Islam et al. (2006) reported the mean MDV copy number in peripheral blood was greater in chickens subsequently exhibiting gross MD lesions than in chickens with no lesions at all 5 time points of 14, 21, 28, and 35 DPI. Does vvMDV quantity in tissues have correlation with tumor development? Thus, we would expect to find greater virus quantities in the heart and liver tumors challenged with vvMDV because these strains would lead to highest development of tumors. It was surprising to not see a difference in virus quantities between tumor tissues and nontumor tissues that could either suggest that replication is not the reason for viruses being able to induce tumors or that we chose the wrong days for detecting significant differences between the different samples. This second explanation is difficult to dispute because vvMDV isolates were not included in the pilot studies for determining optimal sampling times and tissues.
In summary, consistent with previous studies, our study confirmed that the MDV viremia is generally continuous during the vvMDV incubation and incidence of phases over time following experimental infection with wild-type vvMDV. No difference was detected between tumor tissues and nontumor tissues. Thus, study of animal models for the vvMDV dynamic distribution could significantly further our understanding of MD pathogenesis and enhance disease diagnosis.
